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Robust Network Architecture

* Reliability through redundancy: No single points of failure

* Architecture integrates dedicated comm lines with multiple internet channels

» Automatic fault detection and data rerouting ensures redundancy even during failures
« USNO Master Clock provides system reference time through two sites

Data Hub - East Data Hub - West

GDGPS Ops Center - Pasadena

GDGPS Ops Center - LA
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* Triple redundancy for high reliability
even during system maintenance

» Multiple user access channels
» Secure leased lines
* VPN
» Open internet
* Modems

* Global reach
* |ridium
* Inmarsat
» TDRSS (for space applications)

« Continuous Web monitoring in the
public domain
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The NASA GDGPS system is widely recognized for its superior accuracy and
operational reliability

» Major corporations base their global operations on the GDGPS service

* New NASA service for satellite navigation with TDRSS in 2003

The sky is not the limit...
10000 km

1000 km

GRACE
- 20cm
8 cm relative

6 —» 10-20cm
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Uniquely Powerful GPS Monitoring Jpl_

The GDGPS System tracks each GPS satellite by at least 5 sites, and by 15 sites on
average, enabling robust, real-time GPS performance monitoring with 4 sec to alarm

The GDGPS GPS Integrity Monitor
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GPS Integrity Monitoring with the
NASA GDGPS System

GDGPS is ideally suited for GPS integrity/performance monitoring:

» State space approach (as in the OCS) enables separation of orbit and clock errors

« Large global network allows estimation of clocks independent of models (unlike
OCS), enabling prediction of integrity failures

« Large global network enables implementation of majority voting schemes

» High operational reliability

« High performance monitoring: high accuracy, multiple metrics, absolute metrics

* Independent of any other system employed in support of GPS operations

GDGPS has a fundamental built-in integrity monitoring capability:
Integrity ~ precise orbit/clocks - broadcast orbits/clocks

Leverage the Government’s (mainly NASA) tens of million dollar investment in the
GDGPS infrastructure

The potential was first recognized by the Aerospace Corporation
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GDGPS Integrity Monitoring Demonstration Jpl_

Concept: Develop a parallel process within the GDGPS system that is optimized
for integrity monitoring

» Monitor all satellites healthy and unhealthy

» Implement web-based user interface

» Enable majority voting schemes and other integrity ‘rules’

» Implement data authentication to swart spoofing

* Implement 4 sec alarms

» Adapt to evolving user needs and changing constellation

A prototype integrity monitor was developed in close collaboration with the Aerospace
Corporation.

The prototype was implemented as a secure web site, with access limited to authorized
personnel (mainly 2SOPS and support contractors)

» Served from a single computer at the Pasadena Operations Center

» Access is via the internet; limited capacity

» Unattended operation

January 12, 2004 NASA's GPS Performance Monitor 8



CTT
NA\“}“ Demo of the GDGPS Integrity Monitoring Prototype JPL
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Positive Feedback

JPL

Feedback from ‘beta’ testers (mainly at 2SOPS) was uniformly positive
* It does not interfere with 2SOPS operational procedures. It is just available
* It provided operational assistance in diagnosing the constellation on several occasions
» Analysts use it from home extensively; enhances response time and efficiency

» Aerospace uses the monitor for development and analysis of novel integrity monitoring

concepts
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Example 1: SVN 23 on January 1 2004

APL
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Example 1: SVN 23 on January 1 2004 (cont) _JFDL_
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Example 2: SVN 46 on August 2003

APL

Real-time 1 sec clock error
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Future Developments

JPL

* Implement data authentication scheme

* 4 Second alarms

Specially tuned performance monitoring process
Refinement of web interface with user-feedback

Perform failure mode and effect analysis (FMEA)
Incorporate civil monitoring requirements developed under GDMS
* New data types from ground reference network
* New user interface
Integrity data messages enabling automatic, forecasting, diagnosis, and response by
responsible agencies
Plan for evolving constellation (L2C, L5)
On-going tuning and refinement based on user feedback
Engage other agencies/monitoring system about sharing infrastructure, services
Ever increasing reliability and robustness
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Benefits

The prototype GPS performance monitor can provide an immediate measure of
GPS integrity monitoring to the GPS operators

» Enable faster identification of integrity failures

» Enable quick diagnosis and response to integrity failures

« Enable prediction of integrity failures and plan for preventive measures

* Provide independent backup for the GPS ground segment

Improve situational assessment for civil/military GPS-based services
 High accuracy performance monitoring anywhere

Global augmentation system extends precise GPS operations to infrastructure-
poor areas of the world
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Vision

Convert the prototype GPS performance monitor into a fully operational system,
jointly sponsored by several Government agencies

» Tune performance to user-specified requirements

« Upgrade communications and computing infrastructure to enhance reliability

* Provide on-going support and respond to the changing needs of constellation

« Share operational responsibilities (technology transfer)
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Contact:

Dr. Yoaz Bar-Sever

Manager, Global Differential GPS System
Yoaz.Bar-Sever@jpl.nasa.gov

Voice: 818-354-2665

Fax: 818-393-4965
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